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Introduction:  The  overall  objective  of  our  proposal  was  to  test  whether  UY  irradiation  facilitates  the 
exposure  of  the  HU  177  cryptic  collagen  epitope  which  may  represent  an  early  “solid  state  biomechanical 
initiation  switch”  that  promotes  inflammation,  skin  damage  and  the  creation  of  a  melanoma  permissive  niche. 
In  this  regard,  we  have  proposed  to  assess  whether  selective  targeting  of  this  biomechanical  initiation  switch 
prevents  or  reduces  UV-induced  inflammation  and  to  examine  whether  it  represents  a  novel  therapeutic 
approach  to  prevent  and/or  reduce  melanoma  growth.  First,  we  will  characterize  the  kinetics  of  UV-induced 
exposure  of  the  HU  177  cryptic  epitope  in  vitro  and  in  vivo.  These  studies  will  be  carried  out  using  a 
combination  of  in  vitro  biochemical  assays,  ELIS  As  and  immunohistochemical  analysis  of  UV  irradiated- 
collagen  as  well  as  the  basement  membrane  preparation  Matrigel™.  In  the  second  aim,  we  will  evaluate  the 
impact  of  UV-induced  biomechanical  alterations  in  collagen  and  the  basement  membrane  preparation 
Matrigel™  has  on  inflammatory  cell,  dermal  fibroblast,  and  melanoma  cell  adhesion,  migration,  invasion  and 
proliferation  as  compared  to  non  UV-irradiated  ECM.  Finally,  we  will  determine  the  biological  consequences 
of  UV-induced  exposure  of  the  HU177  cryptic  epitope  has  on  inflammatory  cell  infiltration  and  on  the  ability 
of  melanoma  cells  to  establish  tumors  in  vivo. 

Body:  We  have  made  considerable  progress  towards  the  goals  of  our  proposal  during  the  second  funding 
period  (September  2011  through  September  2012).  In  particular,  we  have  made  substantial  progress  on  all 
specific  aims  (1-3)  and  their  associated  tasks.  A  detailed  summary  of  the  research  accomplishments  as  they 
pertain  to  the  tasks  outlined  in  the  statement  of  work  is  provided  below.  Our  previous  studies  have  indicated 
that  UVA  and  UVB  irradiation  can  dose  dependently  trigger  conformational  changes  in  both  collagen  type-I 
and  collagen  type-IV  resulting  in  the  exposure  of  the  HU177  cryptic  collagen  epitope.  Importantly,  the  relative 
levels  of  exposure  of  the  HU  177  epitope  as  indicated  by  ELISA  varied  depending  on  the  collagen  type, 
wavelength  and  dose  of  UV  irradiation.  In  addition,  our  previous  studies  indicated  that  melanoma  cell 
adhesion  was  generally  enhanced  on  UV  irradiated  collagen.  Importantly,  to  rule  out  a  possible  role  for 
thermal  denaturation  as  a  result  of  UV-irradiation  in  the  exposure  of  the  HU177  epitope,  we  examined  the 
temperature  during  UV-irradiation  at  all  doses  used.  Our  studies  indicate  only  a  small  change  in  temperature 
from  20.5°C  to  22.2°C.  These  data  suggest  that  the  exposure  of  the  HU  177  epitope  detected  in  vitro  following 
UV-irradiation  was  unlikely  do  to  thermal  denaturation.  Interestingly,  macrophage  adhesion  to  UVB  irradiated 
collagen  type-IY  but  not  type-I  was  dramatically  enhanced,  suggesting  a  complex  cell  type  and  collagen 
specific  response  to  distinct  UV  wavebands  in  vitro.  These  novel  findings  are  consistent  with  the  possibility 
that  unique  physical  alterations  in  the  three-dimensional  structure  of  ECM  proteins  may  represent  a 
mechanism  to  initiate  triggering  of  a  biomechanical  switch  that  allows  multiple  cell  types  within  the  tissue 
microenvironment  to  differentially  interact  with  cryptic  epitopes  thereby  altering  their  behavior.  These 
differential  interactions  may  play  a  role  in  governing  inflammation  and  melanoma  tumor  initiation  and 
progression. 


Summary  of  research  accomplishments 

UVA-irradiation  of  collagen  type-I  alters  human  M21  melanoma  and  fibroblast  adhesion.  Our  previous 
studies  suggested  that  structural  changes  induced  by  UVB-irradiation  (310nm)  of  collagen  type-IV,  but  not 
collagen  type-I  could  differentially  impact  cell  adhesive  behavior  in  vitro.  To  examine  whether  the  longer 
wavelength  UVA  (365nm)  could  alter  behavior  of  human  melanoma  cells  and  human  dermal  fibroblasts,  cell 
adhesion  assays  were  carried  out  with  collagen  type-I  that  was  not  irradiated  or  irradiated  with  UVA  over  a 
dose  range  (0  to  5.0J/cm2).  As  shown  in  figure  1A,  M21  melanoma  cells  exhibited  an  approximately  50% 
increase  in  their  ability  to  adhere  to  collagen  type-I  irradiated  with  UVA  at  a  dose  of  5.0J/cm  ,  while  little 
impact  was  observed  at  lower  doses.  The  ability  of  fibroblast  to  attach  to  UVA  irradiated  collagen  type-I  was 
only  marginally  enhanced  (figure  IB).  These  data  are  consistent  with  our  previous  studies  indicating  a  dose 
and  cell  type  specific  alteration  in  cell  adhesive  behavior  following  UV  irradiation. 
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A. 


B. 


M21  Melanoma 
Adhesion  to  Collagen-1 


Human  Fibroblast 
Adhesion  to  Collagen-1 


Figure  1.  Alteration  of  cell 
interactions  with  UVA- 
irradiated  collagen  type-I.  Non- 
treated  and  irradiated  collagen 
type-I  were  coated  (5.0ug/ml)  on 
wells  and  blocked  with  BSA.  A). 
M21  melanoma  cells  or  B)  human 
dermal  fibroblasts  were  seeded  on 
the  wells  and  allowed  to  attach  as 
we  described  (1-3).  Data  bars 
represent  mean  cell  adhesion 
(Optical  Density  O.D)  +  standard 
deviations  from  triplicate  wells. 


UVA-irradiation  of  collagen  type-I V  differentially  alters  human  M21  melanoma  and  fibroblast 
adhesion.  Given  our  studies  suggesting  UVA  irradiation  of  collagen  type-I  may  alter  cell  adhesion,  we  carried 
out  similar  studies  using  basement  membrane  collagen  type-IV.  As  shown  in  figure  2A,  a  small  increase  in 
M21  melanoma  cell  adhesion  to  UVA- irradiated  collagen  type-IV  at  a  dose  of  0.5  and  l.OJ/cm  ,  while  little 
impact  was  observed  at  5.0J/cm2.  The  ability  of  fibroblasts  to  attach  to  UVA  irradiated  collagen  type-IV  was 
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also  marginally  enhanced  at  5.0J/cm 

A. 


M21  Melanoma 
Adhesion  to  Collagen-IV 


HT  O.SJ/cm2 1  OJ/cm2 S.OJ/cm2 

Treatment  UVA  (365nm) 


(figure  2B). 

B. 


Human  Fibroblast 
Adhesion  to  Collagen-IV 


NT  O.SJ/cm2  1.  OJ/cm2  S.OJ/cm3 

Treatment  UVA  (365nm) 


Figure  2.  Alteration  of  cell 
interaction  with  UVA-irradiated 
collagen  type-IV.  Non-treated  and 
irradiated  collagen  type-IV  were 
coated  (5.0ug/ml)  on  wells  and 
blocked  with  BSA.  A).  M21 
melanoma  cells  or  B)  human 
dermal  fibroblasts  were  seeded  on 
the  wells  and  allowed  to  attach  as 
we  described  (1-3).  Data  bars 
represent  mean  cell  adhesion 
(Optical  Density  O.D)  +  standard 
deviations  from  triplicate  wells. 


UVA-irradiation  of  collagen  type-I  differentially  alters  human  melanoma  and  fibroblast  proliferation  in 
vitro.  To  assess  the  effects  of  UVA  irradiation  of  collagen  type-I  on  melanoma  and  fibroblast  cell  growth  in 
vitro,  we  carried  out  in  vitro  proliferation  assays.  Briefly,  interstitial  collagen  type-I  was  either  untreated  or 
irradiated  with  UVA  over  a  dose  range  (0-5.0  J/cm2)  and  proliferation  was  assessed  over  a  time  course  (0- 


72hrs).  Little  change  in  the  proliferation  of  either  M21  melanoma  or  fibroblasts  was  observed  under  the 
experimental  conditions  within  the  first  48hrs.  However,  as  shown  in  figure  3A,  a  small  reduction  was 
observed  in  M21  melanoma  cell  growth  on  UVA  (0.5 J/cm  )  irradiated  collagen  by  day  3.  In  contrast,  an 
approximately  50%  increase  in  fibroblast  cell  growth  was  observed  by  day  3  on  UVA  irradiated  collagen  type- 
I  at  a  dose  of  0.5J/cm  or  higher  (figure  3B). 


A. 


B. 


M21  Melanoma 

Proliferation  on  Collagen-1  (Day  3) 


Human  Fibroblast 
Proliferation  on  Collagen-1  (Day  3) 


NT  O.SJ/cm2  1. OJ/cm2  5.0J/cm2 


Treatment  UVA  (365nm) 


NT  0.5J/cm2  1.0J/cm2  S.OJ/cm2 


Treatment  UVA  (365nm) 


Figure  3.  UVA-irradiation  of  collagen  type- 
I  alters  melanoma  and  fibroblast  growth  in 
vitro.  Collagen  type-I  was  not  treated  or 
irradiated  with  UVA  (365nm)  over  a  dose 
range  (0-5. OJ/cm2).  Wells  were  coated 
(5.0ug/ml)  with  untreated  or  UVA  treated 
collagen  and  M2 1  melanoma  cells  (A)  or 
human  dermal  fibroblasts  (B)  were  seeded  and 
allowed  to  grow  over  a  3 -day  time  course. 
Proliferation  was  monitored  using  MTT  assay. 
Data  bars  represent  mean  proliferation 
(Optical  Density  O.D)  +  standard  deviations 
from  triplicate  wells  on  Day  3 . 
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UVA-irradiation  of  collagen  type-IV  alters  human  melanoma  and  fibroblast  proliferation  in  vitro.  To 

assess  the  effects  of  UVA  irradiation  of  collagen  type-IV  on  melanoma  and  fibroblast  cell  growth  in  vitro,  we 
carried  out  proliferation  assays  essentially  as  described  above.  Again,  little  change  in  the  proliferation  of 
either  M21  melanoma  or  fibroblasts  was  observed  within  the  first  48hrs.  However,  as  shown  in  figure  4A, 
similar  to  what  was  observed  on  collagen  type-I,  a  small  reduction  was  observed  in  M2 1  melanoma  cell 
growth  on  UVA  irradiated  collagen  as  compared  to  control  and  an  approximately  38%  increase  in  fibroblast 
cell  growth  was  observed  by  day  3  on  UVA  irradiated  collagen  at  a  dose  of  0.5J/cm  or  higher  (figure  4B). 


A. 


M21  Melanoma 

Proliferation  on  Collagen-IV  (Day  3) 


Treatment  UVA  (365nm) 


B. 


Human  Fibroblast 
Proliferation  on  Collagen-IV  (Day  3) 


Treatment  UVA  (365nm) 


Figure  4.  UVA-irradiation  of  collagen 
type-IV  alters  M21  melanoma  and 
fibroblast  cell  proliferation  in  vitro. 

Collagen  type-IV  was  either  not  treated 
or  irradiated  with  UVA  (365nm)  over  a 
dose  range  (0-5.0J/cm2).  Microtiter  wells 
were  coated  (5.0ug/ml)  with  untreated  or 
UVA  treated  collagen  and  M21 
melanoma  cells  (A)  and  human  dermal 
fibroblasts  (B)  were  seeded  in  wells  and 
allowed  to  grow  over  a  3 -day  time 
course.  Proliferation  was  monitored 
using  MTT  assay.  Data  bars  represent 
mean  proliferation  (Optical  Density 
O.D)  +  standard  deviations  from 
triplicate  wells. 


Exposure  of  the  HU177  cryptic  epitope  within  Matrigel™  in  vitro.  To  begin  to  assess  whether  specific  UV 
wavebands  my  trigger  exposure  of  the  HU  177  epitopes  within  Matrigel™,  a  secreted  basement  membrane-like 
ECM  composed  predominately  of  laminin  and  collagen  type-IV,  we  irradiated  Matrigel™  with  UVB  over  a 
dose  range  (0-5J/cm  ).  Solid  phase  ELISA  assays  were  carried  out  to  assess  the  relative  exposure  of  the 
HU177  epitope.  Surprising,  the  HU177  epitope  could  be  detected  in  non- irradiated  Matrigel™  (Figure  5). 
Interestingly,  while  a  small  enhancement  of  reactivity  could  be  detected  following  UVB  irradiation  at  a  dose 
of  0.5J/cm2,  a  dose  of  5.0J/cm2  reduced  reactivity  with  anti-HU177  antibody.  These  data  suggest  that  the 
HU  177  cryptic  collagen  epitope  appears  to  be  exposed  within  Matrigel™  prior  to  UV-irradiation  and  that 
collagen  type-IV  present  within  Matrigel™  is  at  least  partially  in  a  non-triple  helical  conformation. 


Mean  Exposure  of  HU  177  Epitope  in 
Matrigel 


Treatment  UVB  (310nm) 


Figure  5.  UV-mediated  exposure  of  the  HU177  cryptic 
collagen  epitope  within  Matrigel™  in  vitro.  Matrigel™ 
was  untreated  or  irradiated  with  UVB  over  the  dose  range 
indicated  and  coated  on  microtiter  wells.  Exposure  of  the 
HU177  cryptic  epitope  was  detected  by  solid  phase  ELISA. 
Data  bars  represent  the  mean  Mab  D93  reactivity  (Optical 
Density  O.D)  +  standard  deviations  from  triplicate  wells. 


Differential  adhesion  of  human  M21  melanoma  cells  and  dermal  fibroblasts  to  UVB-irradiated 
Matrigel™.  Given  our  previous  studies  suggesting  differentially  enhanced  melanoma  cell  adhesion  to  UV- 
irradiated  collagen  I  and  IV,  we  examined  the  effects  of  UV-irradiation  on  cell  adhesion  to  basement 
membrane  preparation  Matrigel™.  Matrigel™  was  irradiated  with  UVB  over  a  dose  range  from  0-5.0J/cm2. 
Surprisingly,  as  shown  in  figure  6A,  human  M21  melanoma  cell  adhesion  to  UVB-irradiated  Matrigel™  was 
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inhibited  by  nearly  40%  at  5.0J/cm  .  In  contrast,  dermal  fibroblast  adhesion  was  enhanced  dose  dependently, 
exhibiting  a  maximum  enhancement  at  a  UVB  dose  of  l.OJ/cm2  (figure  6B). 


A. 


B. 


M21  Melanoma 
Adhesion  to  Matrigel 


Human  dermal  Fibroblast 
Adhesion  to  Matrigel 


Figure  6.  Alterations  of  melanoma  cell 
interactions  with  UV-irradiated 
Matrigel™.  Non-treated  and  irradiated 
Matrigel™  were  coated  on  wells  and 
blocked  with  BSA  in  PBS.  A).  M21 
melanoma  cells  or  B)  human  dermal 
fibroblasts  were  seeded  on  the  wells  and 
allowed  to  attach  as  we  previously 
described  (1-3).  Data  bars  represent  mean 
cell  adhesion  (Optical  Density  O.D)  + 
standard  deviations  from  triplicate  wells. 


Treatment  UVB  (310nm) 


Treatment  UVB  (310nm) 


Differential  adhesion  of  human  M21  melanoma  cells  and  dermal  fibroblasts  to  UVA-irradiated 
Matrigel™.  Given  the  differential  impact  of  UVB-irradiated  Matrigel™  had  on  cell  adhesion,  we  examined 
the  effects  of  UV A- irradiation  on  cell  adhesion  to  Matrigel™  using  a  similar  assay.  Matrigel™  was  irradiated 
with  UVA  over  a  dose  range  from  0-5.0J/cm  .  Surprisingly,  in  contrast  to  UVB  (figure  6A),  M21  melanoma 
cell  adhesion  to  UVA-irradiated  Matrigel™  was  enhanced  by  greater  than  50%  at  0.5J/cm2  or  higher  as 
compared  to  control.  In  addition,  human  dermal  fibroblast  adhesion  was  enhanced  by  nearly  40%,  at  a  UVA 
dose  of  5.0J/cm2  (figure  7B).  These  important  studies  indicate  the  complex  and  potentially  opposing  effects  of 
UVA  as  compared  to  UVB  on  cell  adhesive  behavior. 


A. 


M21  Melanoma 
Adhesion  to  Matrigel 


Treatment  UVA  (365nm) 


B. 


Human  Fibroblast 
Adhesion  to  Matrigel 


Treatment  UVA  (365nm) 


Figure  7.  Alterations  of  melanoma  cell 
interactions  with  UVA-irradiated 
Matrigel™.  Non-treated  and  irradiated 
Matrigel™  were  coated  (5.0ug/ml)  on 
wells  and  blocked  with  BSA.  A).  M21 
melanoma  cells  or  B)  human  fibroblasts 
were  seeded  on  the  wells  and  allowed  to 
attach  as  we  previously  described  (1-3). 
Data  bars  represent  mean  cell  adhesion 
(Optical  Density  O.D)  +  standard 
deviations  from  triplicate  wells. 


UVA-irradiation  of  Matrigel™  differentially  alters  human  melanoma  and  fibroblast  proliferation  in 
vitro.  To  assess  the  effects  of  UVA  irradiated  Matrigel™  on  melanoma  and  fibroblast  growth  in  vitro,  we 
carried  out  in  vitro  proliferation  assays.  Briefly,  Matrigel™  was  either  untreated  or  irradiated  with  UVA  over 
a  dose  range  (0-5.0  J/cm  )  and  proliferation  was  assessed  over  a  time  course  (0-72hrs).  Little  change  in  the 
proliferation  of  either  M21  melanoma  or  fibroblasts  was  observed  under  the  experimental  conditions  within 
the  first  48hrs.  However,  as  shown  in  figure  8A,  a  small  reduction  was  observed  in  M21  melanoma  cell 
growth  on  UVA  irradiated  Matrigel™  as  compared  to  control  by  day  3.  In  contrast,  an  approximately  50% 
increase  in  fibroblast  growth  was  observed  by  day  3  at  a  dose  of  0.5J/cm  or  higher  (figure  8B). 
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A. 


M21  Melanoma 

Proliferation  on  Matrigel  (Day  3) 


B. 


Human  Fibroblast 
Proliferation  on  Matrigel  (Day  3) 


Figure  8.  UVA-irradiation  of  Matrigel™ 
alters  M21  melanoma  and  fibroblast 
proliferation  in  vitro.  Matrigel  was  either 
not  treated  or  irradiated  with  UVA  (365nm) 
over  a  dose  range  (0-5.0J/cm2).  Microtiter  wells 
were  coated  (5.0ug/ml)  with  untreated  or  UVA 
treated  Matrigel™  and  M2 1  melanoma  cells 
(A)  and  dermal  fibroblasts  (B)  were  seeded  in 
wells  and  allowed  to  grow  over  a  3 -day  time 
course.  Cell  proliferation  was  monitored  using 
MTT  assay.  Data  bars  represent  mean  cell 
proliferation  (Optical  Density  O.D)  +  standard 
deviations  from  triplicate  wells. 


Differential  migration  of  M21  melanoma  cells  and  Raw  264.7  macrophages  on  UV-irradiated 
Matrigel™.  Given  our  previous  studies,  we  examined  the  effects  of  UV-irradiation  on  cell  migration  on 
Matrigel™.  Matrigel™  was  irradiated  with  UVB  over  a  dose  range  from  0-5.0J/cm2  and  M21  melanoma  cells 
or  Raw  264.7  macrophages  were  allowed  to  migrate  using  Matrigel™  coated  transwell  migration  chambers. 

As  shown  in  figure  9A,  enhanced  migration  of  M21  melanoma  cells  was  detected  on  Matrigel™  irradiated  at  a 
dose  of  0.5J/cm2,  while  little  change  was  detected  in  migration  on  Matrigel™  irradiated  at  higher  doses.  In 
contrast,  reduced  macrophage  migration  was  observed  on  Matrigel™  irradiated  with  increasing  doses  of  UVB 
(figure  9B).  These  data  again  confirm  the  complex  cell  type  and  dose-dependent  changes  in  cellular  behavior 
that  occur  as  a  result  of  UV-mediated  structural  alteration  of  ECM  proteins  in  vitro. 


A. 


B. 


M21  Melanoma 
Migration  on  Matrigel 


Treatment  UVB  (310nm) 


Raw  264.7  Macrophage 
Migration  on  Matrigel 


Treatment  UVB  (310nm) 


Figure  9.  Differential  migration  of  M21  melanoma  cells  and  Raw  264.7  macrophages  on  UV-irradiated  Matrigel™. 

Non-treated  and  irradiated  Matrigel™  (5.0ug/ml)  were  coated  on  membranes  of  transwell  migration  chambers.  Sub-confluent 
cells  were  resuspended  in  migration  buffer  and  seeded  in  the  upper  chamber.  A).  Quantification  of  M21  melanoma  cells 
migration.  B)  Quantification  of  Raw  264.7  macrophage  migration.  Data  bars  represent  mean  cell  migration  (Optical  Density 
O.D)  +  standard  deviations  from  triplicate  wells. 
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UVB-irradiation  of  Matrigel™  fails  to  alter  M21  melanoma  cell  proliferation  in  vitro.  To  assess  the 
effects  of  UVB  irradiation  of  Matrigel™  on  melanoma  cell  growth  in  vitro,  we  carried  out  in  vitro 
proliferation  assays.  Briefly,  Matrigel™  was  either  untreated  or  irradiated  with  UVB  over  a  dose  range  (0-5.0 
J/cm2)  and  proliferation  was  assessed  over  a  time  course  (0-72hrs).  As  shown  in  figure  10A-C,  UVB 
irradiation  of  Matrigel™  failed  to  significantly  alter  M21  melanoma  cell  proliferation  over  the  time  course 
tested.  These  findings  suggest  that  while  UVB  irradiation  of  Matrigel™  alters  melanoma  cell  adhesion,  it 


caused  little  if  any  change  on  their  ability  to  grow  over  the  3 -day  time  course. 

A.  B.  C. 


M21  Melanoma 

Proliferation  on  Matrigel  (24Hrs) 


M21  Melanoma 

Proliferation  on  Matrigel  (48Hrs) 


Treatment  UVB  (310nm) 


Treatment  UVB  (310nm) 


M21  Melanoma 

Proliferation  on  Matrigel  (72Hrs) 


Treatment  UVB  (310nm) 


Figure  10.  UVB-irradiation  of  Matrigel™  fails  to  alter  M21  melanoma  cell  proliferation  in  vitro.  Matrigel™  was  either 
not  treated  or  irradiated  with  UVB  (310nm)  over  a  dose  range  (0-5.0J/cm2).  Microtiter  wells  were  coated  (5.0ug/ml)  with 
untreated  or  UVB  treated  Matrigel™  and  M21  melanoma  cells  were  seeded  in  wells  and  allowed  to  grow  over  a  3-day  time 
course.  Tumor  cell  proliferation  was  monitored  using  MTT  assay.  Data  bars  represent  mean  cell  proliferation  (Optical  Density 
O.D)  +  standard  deviations  from  triplicate  wells. 


UVB-irradiation  of  collagen  type-IV  enhances  murine  macrophage  migration.  Our  previous  studies 
suggested  that  UVB-irradiation  of  collagen  type-IV,  but  not  collagen  type-1  could  enhance  macrophage 
adhesion.  These  findings  are  consistent  with  the  possibility  that  UVB  irradiation  induces  a  structural  change  in 
collagen  type-IV  that  facilitates  enhanced  adhesion.  In  this  regard,  we  examined  whether  UVB-mediated 
structural  change  in  collagen  type-IV  could  also  enhance  macrophage  migration.  To  examine  this  possibility, 
Raw  264.7  macrophages  were  allowed  to  migrate  on  transwells  coated  with  either  untreated  or  UVB-treated 
(5.0J/cm  )  collagen  type-I  or  collagen  type-IV.  As  shown  in  figure  1 1  A,  macrophages  exhibited  similar 
migratory  capacity  on  either  untreated  or  UVB-irradiated  collagen  type-I.  In  contrast,  macrophage  exhibited 
enhanced  migration  on  UVB-irradiated  collagen  type-IV  as  compared  to  untreated  collagen  type-IV  (figure 
1  IB).  These  data  are  consistent  with  our  previously  reported  adhesion  data  and  suggest  that  a  unique  UVB- 
mediated  structural  change  in  collagen  type-IV,  but  not  collagen  type-I  enhances  macrophage  migration. 


A 


Murine  RAW264.7  Macrophage 
Migration  to  Coll-I 


B. 


Murine  RAW264.7  Macrophage 
Migration  to  Coll-IV 


Figure  11.  Alterations  of  macrophage 
interactions  with  UV-irradiated 
collagen-IV  Non-treated  and  UVB 
irradiated  (5.0J/cm2)  collagen  type-I  (A) 
and  collagen  type-IV  (B)  were  coated 
(5.0ug/ml)  on  membranes  of  transwell 
migration  chambers.  RAW  264.7 
macrophages  were  seeded  and  allowed 
to  migrate  as  we  described  (1-3).  Data 
bars  represent  mean  cell  migration 
(Optical  Density  O.D)  +  standard 
deviations  from  triplicate  wells. 


UVB-irradiation  of  collagen  type-IV  enhances  macrophage  proliferation  in  vitro.  Given  the  consistent 
findings  indicating  that  UVB-mediated  structural  change  in  collagen  type-IV  alters  the  adhesive  and  migratory 
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behavior  of  macrophages  on  this  ECM  substrate,  we  assessed  the  effects  of  UVB  irradiation  of  collagen  type- 
IV  on  macrophage  growth  in  vitro.  Briefly,  collagen  type-IV  was  either  untreated  or  irradiated  with  UVB  (5.0 
J/cm  )  and  proliferation  was  assessed  over  a  time  course  (0-72hrs).  As  shown  in  figure  12A-C,  UVB 
irradiation  of  collagen  type-IV  enhanced  proliferation  by  approximately  30%  to  40%  over  the  time  course 
tested.  These  findings  are  consistent  with  UVB-mediated  structural  change  in  collagen  type-IV  altering  the 
behavior  of  macrophages  in  vitro. 


A. 


B. 


C. 


Murine  RAW264.7  Macrophage 
Proliferation  on  Coll-IV  (24hrs) 


Murine  RAW264.7  Macrophage 
Proliferation  on  Coll-IV  (48hrs) 


Murine  RAW264.7  Macrophage 
Proliferation  on  Coll-IV  (72hrs) 


Figure  12.  UVB-irradiation  of  collagen  type-IV  alters  macrophage  proliferation  in  vitro.  Collagen  type-IV  was  either  not 
treated  or  irradiated  (0-5.0J/cm2)  with  UVB  (310nm).  Microtiter  wells  were  coated  (5.0.0ug/ml)  with  untreated  or  UVB  treated 
collagen  and  murine  macrophages  were  seeded  in  wells  and  allowed  to  grow  over  a  3-day  time  course.  Proliferation  was 
monitored  using  MTT  assay.  Data  bars  represent  mean  cell  proliferation  (Optical  Density  O.D)  +  standard  deviations  from 
triplicate  wells. 


UV-mediated  induction  of  inflammatory  cells  in  mouse  skin.  To  begin  to  establish  a  time  course  and  dose 
of  UV  irradiation  needed  to  induce  a  reproducible  inflammatory  response  in  full  thickness  mouse  skin,  mice 
were  irradiated  with  UVB  over  a  dose  range  of  0-1.0 J/cm2  and  skin  has  harvested  24hrs,  48hrs  and  72hrs  later. 
The  full  thickness  skin  was  either  snap  frozen  or  embedded  in  paraffin  and  tissues  sections  prepared.  To 
examine  the  tissues  for  inflammatory  infiltrates  the  tissues  were  stained  by  Giemsa.  As  shown  in  figure  13  A 
middle  panel,  UVB  at  a  dose  of  0. 1  J/cm  induced  infiltration  of  inflammatory  cells  (arrows)  primarily 
confined  to  the  subcutaneous  fat  with  minor  infiltration  into  the  lower  regions  of  the  dermis  by  24  hours  as 
compared  to  non-UV  (left  panel).  UVB  irradiation  with  a  dose  of  l.OJcm  (right  panel)  induced  a  strong 
inflammatory  infiltrate  into  the  middle  and  upper  levels  of  the  dermis  (Rights  panel).  Little  over  all  changes 
could  be  detected  in  the  relative  levels  inflammatory  infiltrates  between  48  and  72  hours  following  UV 
irradiation  (figure  13B  an  C).  Under  these  conditions,  our  data  suggests  that  UVB  irradiation  at  either  0.1  Jem2 
or  l.OJcm  induces  a  significant  inflammatory  infiltrate. 


A. 


No  UV 


0.1J/cin2  UVB  (24hrs)  l.OJ/cm2/  UVB  (24hrs) 
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B. 


O.lJ/em2  UVB  (24hrs)  O.lJ/cm2  UVB  (48hrs)  O.lJ/em2  UVB  (72hrs) 


Figure  13.  UV-mediated  induction  of  inflammatory  cells  in  mouse  skin.  Mice  (nude)  were  either  not  treated  or 
irradiated  (0.1-1.0J/cm2)  with  UVB  (310nm).  Mice  were  sacrificed  over  a  time  course  of  3  days  (24hrs,  48hrs  or  72hrs) 
and  full  thickness  skin  was  harvested  and  embedded  in  paraffin.  Tissue  sections  were  cut  and  stained  by  Giemsa  method 
to  detect  immune  cells  (arrows).  Small  blue  cells  include  neutrophils,  larger  cells  with  characteristic  large  nuclei  include 
macrophages,  and  dark  purple  granulated  cells  include  mast  cells.  A).  Representative  examples  of  mouse  skin  from  either 
untreated  left  panel  (No  UV)  or  UVB-irradiated  middle  panel  (UVB  0.1J/cm2),  or  right  panel  (UVB  l.OJ/cm2).  B). 
Representative  examples  of  mouse  skin  from  UVB-  irradiated  (0.1J/cm2)  left  panel  (24hrs)  or  middle  panel  (48hrs),  or 
right  panel  (72hrs).  C).  Representative  examples  of  mouse  skin  from  UVB-  irradiated  (l.OJ/cm2)  left  panel  (24hrs)  or 
middle  panel  (48hrs),  or  right  panel  (72hrs).  Black  arrows  indicate  examples  of  immune  infiltrates.  All  photos  taken  at  a 
magnification  of  lOOx. 


Immunofluorescence  detection  of  elevated  neutrophils  in  UVB-irradiated  mouse  skin.  Given  our  studies 
establishing  the  parameters  useful  for  inducing  UV-mediated  inflammatory  cell  infiltration  into  full  thickness 
mouse  skin,  we  began  to  characterize  the  types  of  inflammatory  cell  infiltrates  that  were  induced  by  UV- 
irradiation  in  this  mouse  model.  Frozen  sections  of  full  thickness  murine  skin  from  either  untreated  or  UVB 
irradiated  were  analyzed  for  the  presence  of  neutrophils  using  the  previously  described  murine  neutrophil 
marker  (7/4  antigen).  As  shown  in  figure  14,  few  neutrophils  could  be  detected  with  the  epidermis  or  dermis 
of  non-irradiated  skin  (left  panels).  In  contrast,  24hrs  post  UVB  irradiation  (top  panels)  a  dose  dependent 
increase  in  neutrophil  infiltration  (red)  could  be  readily  detected.  Importantly,  48hrs  post  UV  irradiation, 
neutrophils  persisted  following  UV-irradiation  at  l.OJcm2.  These  data  confirm  a  time  and  dose  dependent 
infiltration  of  neutrophils  following  UVB-irradiation. 
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Figure  14.  Detection  of  elevated  levels  of 
neutrophils  in  UVB-irradiated  mouse  skin.  Mice 
(nude)  were  either  not  treated  or  irradiated  (0.1- 
l.OJ/cm2)  with  UVB  (310nm).  Mice  were  sacrificed 
at  24hr  and  48hrs  and  full  thickness  skin  was 
harvested  and  embedded.  Tissue  sections  were  cut 
and  stained  for  the  presence  of  infiltrating 
neutrophils.  Red  color  indicates  neutrophils  (7/4 
antigen)  and  blue  indicated  Dapi.  All  photos  taken 
at  a  magnification  of  200x. 


Immunofluorescence  detection  of  macrophages  in  UVB-irradiated  mouse  skin.  Given  our  studies 
suggesting  elevated  neutrophil  infiltration  following  UVB-irradiation,  we  examine  murine  skin  for  the 
presence  of  macrophages.  In  contrast  to  neutrophils,  macrophages  could  be  detected  in  normal  non-irradiated 
skin  and  by  48hrs  post  UV-irradiation  some  enhancement  of  the  relative  levels  of  macrophages  could  be 
detected  at  l.OJ/cm  ,  however  little  change  was  detected  at  lower  doses  of  UVB-irradiation  or  at  earlier  time 
points  (Figure  15).  These  data,  in  conjunction  with  the  distinct  enhancement  of  mast  cell  infiltration  (see 
figure  13,  purple  granulated  cells  following  Giemsa  staining)  confirm  the  differential  induction  of  distinct 
subsets  of  inflammatory  cells  following  UVB-irradiation  of  murine  skin. 


Macrophages  F,  480  (48Hrs)  Figure  15.  Detection  of  elevated  levels  of 

macrophages  in  UVB-irradiated  mouse 
skin.  Mice  (nudes)  were  either  not  treated  or 
irradiated  (0.1  -l.OJ/cm2)  with  UVB  (310nm). 
Mice  were  sacrificed  at  48hrs  and  full 
thickness  skin  was  harvested  and  embedded. 
Tissue  sections  were  cut  and  stained  for  the 
presence  of  macrophages  (F4/80  antigen). 
Red  color  indicates  macrophages  and  blue 
indicated  Dapi.  All  photos  taken  at  a 
magnification  of  200x. 


No  UV  UVB  (l.OJ/cm2) 


Immunofluorescence  detection  of  altered  proteolytic  enzymes  in  UVB-irradiated  mouse  skin.  Previous 
studies  have  implicated  enhanced  expression  of  a  number  of  proteolytic  enzymes  in  activated  neutrophils  and 
macrophages  (4-6).  Our  previous  studies  have  suggested  that  enzymes  such  as  MMPs  may  contribute  to  the 
exposure  of  cryptic  collagen  epitopes  in  vivo  (2).  Therefore,  we  began  to  examine  the  expression  of  enzymes 
known  to  be  expressed  by  inflammatory  infiltrates  including  the  serine  protease  neutrophil  elastase  and  the 
gelatinase  MMP-9.  As  shown  in  figure  16A,  coinciding  with  the  elevated  infiltration  of  neutrophils,  enhanced 
levels  of  neutrophil  elastase  could  be  readily  detected  predominately  within  the  epidermal  and  dermal  layers 
by  48hrs  following  UVB-irradiation  (l.OJ/cm  ).  In  similar  studies,  elevated  levels  of  MMP-9  were  also 
detected  with  strong  staining  noted  in  the  epidermis  and  surrounding  dermal  blood  vessels  and  scattered 
dermal  cells  (Figure  16B).  These  data  confirm  enhanced  levels  of  proteolytic  enzymes,  which  might  contribute 
to  the  exposure  of  the  HU  177  epitope  in  vivo  following  UVB  irradiation. 
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Figure  16.  Detection  of  altered  proteolytic  enzymes  in  UVB-irradiated  mouse  skin.  Mice  (nude)  were  either  not 
treated  or  irradiated  (0.1-1.0J/cm2)  with  UVB  (310nm).  Mice  were  sacrificed  at  48hrs  and  full  thickness  skin  was 
harvested  and  embedded.  Tissue  sections  were  cut  and  stained  for  the  presence  of  Neutrophil  Elastase  or  MMP-9.  A) 
Red  color  indicates  Neutrophil  Elastase  and  Blue  indicated  Dapi.  B).  Red  color  indicates  MMP-9  and  Blue  indicated 
Dapi  All  photos  taken  at  a  magnification  of  200x. 


Blocking  the  HU177  cryptic  collagen  epitope  inhibits  UVB-induced  mast  cell  accumulation  in  skin. 

Given  our  studies  establishing  the  experimental  parameters  useful  for  inducing  UV-mediated  inflammatory 
cell  infiltration  into  full  thickness  mouse  skin,  we  began  to  examine  the  effects  of  blocking  cellular 
interactions  with  the  HU  177  cryptic  collagen  epitope  on  UV-mediated  mast  cell  accumulation  within  skin. 
Briefly,  mice  were  either  untreated  or  injected  with  a  single  i.p  injection  (lOOug/mouse)  of  function  blocking 
anti-HU  177  humanized  Mab  D93  or  non-specific  control  IgG.  Twenty-four  hours  later  mice  were  either  not 
irradiated  or  irradiated  with  UVB  (O.lJ.cm2)  and  full  thickness  skin  was  harvested  24hrs  later.  Tissue  sections 
were  prepared  as  described  above  and  mast  cell  (dark  purple  granulated  cells)  infiltration  into  the  dermis  was 
evaluated  following  Giemsa  staining.  Importantly,  examination  of  the  tissue  sections  from  each  experimental 
condition  suggested  a  reduction  in  the  relative  levels  of  mast  cell  accumulation  within  the  dermal  regions  of 
the  skin  of  mice  pretreated  with  anti-HU  177  humanized  Mab  D93  as  compared  to  controls  (figure  17A).  In 
fact,  quantification  of  the  relative  levels  of  mast  cells  per  200X  field  indicated  a  near  complete  inhibition  of 
UV-induced  mast  cell  accumulation  back  to  levels  prior  to  UVB  irradiation,  while  a  non-specific  control 
antibody  exhibited  minimal  change  (figurel7B).  These  exciting  new  data  suggest  that  the  HU177  epitope  may 
play  a  functional  role  in  UVB-induced  mast  cell  accumulation  in  the  skin. 
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Figure  17.  Anti-HU177  Mab  inhibits  UVB-mediated  mast  cell  accumulation  in  skin.  Mice  (nude  N=4)  were  not  treated  or 
treated  with  a  single  i.p  injection  of  D93  Mab  or  control  (lOOug).  Twenty-four  hours  later  mice  were  not  irradiated  or  irradiated 
(0.1J/cm2)  with  UVB.  Mice  were  sacrificed  24hrs  later  and  skin  was  embedded  in  paraffin.  Tissue  sections  were  cut  and  stained 
by  Giemsa  to  detect  mast  cells  (arrows  heads).  A).  Representative  examples  of  mouse  skin  from  UVB  0.1J/cm2  irradiated  (left 
panel)  or  pre-treated  with  Mab  D93  and  UVB-irradiated  (middle  panel)  or  pre-treated  with  control  Ab  and  UVB-irradiated 
(Right  panel).  Dark  purple  granulated  cells  at  arrows  show  examples  of  mast  cells.  B)  Quantification  of  the  mean  number  of 
mast  cells  within  the  dermal  region  of  the  skin.  Data  bars  represent  the  mean  mast  cells  per  200X  field  +  Standard  Error  from  1 0 
independent  fields. 


10 


UVB  irradiation-induced  enhancement  of  melanoma  growth  depends  in  part  on  the  HU177  epitope. 

Given  our  studies  indicating  that  0.1J/cm2  can  induced  a  strong  infiltration  of  inflammatory  cells  including 
neutrophils,  mast  cells  and  macrophages  and  these  cell  types  have  been  suggested  to  contribute  to  tumor 
initiation  and  growth  (7-10),  we  examined  the  impact  of  UVB-irradiation  on  M21  melanoma  growth  in  nude 
mice.  Briefly,  mice  were  either  untreated  or  pre-treated  with  a  single  i.p  injection  of  lOOug  of  anti-HU177 
epitope  antibody  D93.  Twenty-four  hours  later  mice  were  not  irradiated  or  irradiated  with  a  single  dose  of 
UVB  (310)  O.lJ/cm  .  Twenty-four  hours  later  mice  were  injected  subcutaneously  with  M21  melanoma  cells 
(3xl06).  Melanoma  tumor  growth  was  monitored  over  a  time  course  of  21  days.  As  shown  in  figure  18 A,  a 
single  UVB  dose  of  irradiation  resulted  in  larger  tumors  as  compared  to  control  (NT).  Importantly,  pretreating 
the  mice  prior  to  UVB-irradiation  resulted  in  smaller  tumors  as  compared  to  UVB-irradiated  mice.  In  fact, 
quantification  of  tumor  size  indicated  that  pre-treating  mice  with  a  single  lOOug  injection  of  anti-HU  177 
cryptic  epitope  antibody  prior  to  UVB  -irradiation  inhibited  melanoma  tumor  growth  by  nearly  40%  as 
compared  to  control  (figure  18B).  These  preliminary  experiments  suggest  that  UVB-irradiation  enhancement 
of  melanoma  growth  in  these  mice  may  be  do  in  part,  to  the  functional  exposure  of  the  HU  177  cryptic 
collagen  epitope. 


A. 


B. 


M21  Melanoma  Tumor  Growth 


Figure  18.  UVB  Irradiation-induced  enhanced  M21  melanoma  growth  depends  in  part  on  the  HU177  epitope.  Mice 
(N=5-7)  were  not  treated  or  injected  with  a  single  i.p  treatment  with  anti-HU177  humanized  antibody  D93  (lOOug).  Twenty- 
four  hours  later  mice  were  not  irradiated  or  irradiated  (0.1J/cm2)  with  UVB  (310nm).  Twenty-four  hours  later,  mice  were 
injected  subcutaneously  with  M21  melanoma  cells  (3xl06).  Mice  were  sacrificed  at  day  21.  Tumor  growth  was  monitored  by 
caliper  measurements.  A).  Representative  examples  of  mice  from  either  non-treated  controls  (left  panel),  UVB  0. 1  J/cm2 
irradiated  (middle  panel)  or  pre-treated  with  Mab  D93  and  UVB-irradiated  (right  panel).  B)  Quantification  of  the  mean  tumor 
volume  from  each  experimental  condition.  Data  bars  represent  the  mean  tumor  volume  +  Standard  Error. 

Exposure  of  the  HU177  cryptic  epitope  in  full  thickness  human  skin  following  ex  vivo  UV-irradiation. 

Our  previous  studies  have  indicated  the  UV-irradiation  of  purified  collagen  in  vitro  can  result  in  structural 
changes  that  lead  to  exposure  of  the  HU177  epitope.  To  begin  to  characterize  the  human  neonatal  foreskin  that 
will  be  used  in  the  human/mouse  chimeric  model,  we  first  assessed  whether  UV-irradiation  can  also  expose 
the  HU  177  epitope  in  full  thickness  human  skin.  Briefly,  surgical  explants  of  discarded  neonatal  human 
foreskin  was  either  not  treated  or  irradiated  with  UVA  and  UVB  ex  vivo  at  either  0.1  J/cm2  or  l.OJ/cm2. 

Tissues  were  either  snap  frozen  or  embedded  in  paraffin  and  tissues  section  prepared.  To  assess  basal  levels  of 
any  inflammatory  cells  within  these  human  skin  samples  following  surgical  resection,  tissues  were  stained  by 
Giemsa.  As  shown  in  figure  19 A,  UV-irradiation  of  explanted  full  thickness  human  skin  exhibited  few  if  any 
inflammatory  infiltrates  and  were  similar  to  untreated  control  skin  since  these  human  skin  samples  were 
surgically  removed  from  patients  prior  to  UV-irradiation.  The  relative  levels  and  distribution  of  collagen 
within  both  non-treated  and  UV-irradiated  human  skin  were  also  similar  as  indicated  by  trichrome  staining 
(figure  19B).  Importantly,  while  some  exposure  of  the  HU  177  epitope  was  detected  in  these  untreated  skin 
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specimens,  UV-irradiation  of  these  surgically  explanted  full  thickness  human  skin  samples  resulted  an 
enhanced  exposure  of  the  HU  177  cryptic  collagen  epitope  primarily  within  the  dermal  region  with  some  minor 
exposure  detected  in  the  epidermal  regions  (figure  19C).  These  studies  suggest  that  while  inflammatory 
infiltrates  may  contribute  to  and  enhance  the  exposure  of  the  HU177  epitope,  UV-irradiation  may  expose  the 
HU177  epitope  within  full  thickness  human  skin  in  the  absence  of  elevated  levels  of  inflammatory  infiltrates. 
A. 


No  UV 


UVA  (l.OJ/cm2) 


UVB  (l.OJ/cm2) 


c. 


No  I  V 


UVA  (l.OJ/cm2) 


UVB  (l.OJ/cm2) 


Figure  19.  Detection  of  enhanced  exposure  of  the  HU177  epitope  in  ex-vivo  UV-irradiated  human  skin.  Fresh 
human  neonatal  foreskin  obtained  24hrs  following  surgical  resection  was  either  not  treated  or  irradiated  ex  vivo 
(l.OJ/cm2)  with  UVA  (365nm)  or  UVB  (310nm).  Full  thickness  human  skin  was  embedded  and  tissues  sections 
prepared.  Tissues  stained  by  Giemsa  (A),  Trichrome  (B)  or  with  anti-HU177  Mab  (C).  A).  Representative  examples  of 
human  skin  stained  by  Giemsa.  B).  Representative  examples  of  human  skin  stained  by  Trichrome  with  blue  color 
indicating  collagen.  C).  Representative  examples  of  human  skin  stained  for  exposure  of  the  HU177  collagen  epitope 
with  Red  color  indicating  exposure  of  the  HU  177  epitope.  All  photos  taken  at  a  magnification  of  200x. 


Key  Research  Accomplishments: 

1) .  UVA  and  UVB  irradiation  of  ECM  proteins  alter  the  adhesive  behavior  of  fibroblast,  melanoma  cells  and 
macrophages  in  vitro. 

2) .  UVA  and  UVB  irradiation  of  ECM  proteins  alter  the  migratory  behavior  of  fibroblast,  melanoma  cells  and 
macrophages  in  vitro. 

3) .  UVA  and  UVB  irradiation  of  ECM  proteins  alter  the  proliferative  behavior  of  fibroblast,  melanoma  cells 
and  macrophages  in  vitro. 

4) .  UVB -irradiation  of  mouse  skin  induces  inflammation  in  a  dose  and  time  dependent  manner. 

5) .  UVB -irradiation  of  mouse  skin  induces  enhanced  levels  of  neutrophil  elastase  and  MMP-9  in  a  dose  and 
time  dependent  manner. 

6) .  UVB-induced  accumulation  of  mast  cells  in  the  skin  depends  in  part  on  the  HU177  collagen  epitope. 

7) .  UVB -irradiation  of  muse  skin  enhances  the  growth  of  M21  melanoma  in  vivo. 

8) .  UVB-enhanced  growth  of  M21  melanoma  tumors  in  vivo,  depend  in  part  on  the  HU177  collagen  epitope. 

9) .  UV-irradiation  of  full  thickness  human  skin  explants  results  in  exposure  of  the  HU177  epitope. 

Reportable  Outcomes:  None 
Conclusions: 

Our  current  experimental  findings  indicate  that  irradiation  with  UVA  and  UVB  wavebands  results  in  unique 
structural  changes  in  collagen  type-I,  and  collagen  type-IV  in  vitro,  leading  to  the  exposure  of  the  HU177 
cryptic  collagen  epitope.  Surprisingly,  the  conformation  of  collagen  type-IV  present  within  the  commercially 
obtained  ECM  preparation  Matrigel™  is  at  lease  partly  denatured  as  the  HU177  cryptic  epitope  was  detected 
prior  to  expose  to  UV-irradiation.  Interestingly,  a  dose  dependent  increases  in  UV-irradiation  caused  a 
reduction  in  reactivity  with  anti-HU  177  antibody,  suggesting  that  differential  UV-mediated  alterations  in  the 
structure  of  the  Matrigel™  can  disrupt  functional  exposure  of  the  HU177  epitope.  In  addition,  our  current 
studies  suggest  that  UV-mediated  structural  alterations  in  both  collagen  type-I  and  collagen  type-IV 
differentially  alter  the  ability  of  human  melanoma  cells,  human  dermal  fibroblasts  and  macrophages  to  attach, 
migrate  and  proliferate  on  these  substrates  in  vitro.  Importantly,  these  changes  in  cellular  behaviors  largely 
depended  on  the  cell  type,  waveband,  dose  of  irradiation  and  type  of  ECM  examined.  These  in  vitro  results  are 
consistent  with  the  ability  of  UV-irradiation  of  ECM  proteins  to  differentially  alter  the  response  of  distinct 
subsets  of  tumor  and  normal  stromal  cells  to  ECM  proteins  that  help  make  up  the  epidermal  and  dermal 
regions  of  the  skin. 

2 

Our  current  in  vivo  studies  have  indicated  that  UVB  irradiation  of  murine  skin  at  a  dose  of  at  least  0. 1  Jem 
can  induce  a  rapid  infiltration  of  inflammatory  cells  into  the  subcutaneous  fat  underlying  the  skin  with  some 
infiltration  into  the  lower  dermal  regions  by  24hrs.  Between  48  hours  and  72  hours  the  inflammatory  cells 
were  more  widely  detected  throughout  the  dermis  and  in  some  cases  observed  in  the  epidermal  region 
suggesting  a  rapid  and  time  dependent  inflammatory  response  with  the  doses  of  UVB  tested.  Distinct  subsets 
of  inflammatory  cells  were  identified  including  an  early  infiltration  of  neutrophils  and  mast  cells  that  were 
only  minimally  detected  in  non-irradiated  skin.  In  contrast,  macrophages  were  abundantly  detected  in  normal 
non- irradiated  skin  and  increased  levels  were  only  detected  at  higher  doses  of  UVB  seen  at  post  treatment 
times  of  at  least  48  hours  indicating  a  clear  differential  kinetic  response  of  specific  subsets  of  inflammatory 
cells  following  UV-irradiation.  Moreover,  specific  enhancement  in  the  levels  of  the  serine  protease  neutrophil 
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elastase  and  the  matrix  metalloproteinase-9  (MMP-9)  were  detected  within  48hrs  of  UVB  irradiation, 
indicating  elevated  levels  of  inflammation  associated  enzymes  that  may  contribute  to  the  exposure  of  the 
HU  177  cryptic  collagen  epitope  within  the  skin. 

With  the  experimental  parameters  established  for  UV-irradiation  of  full  thickness  skin,  we  examined  the 
possible  role  of  the  HU177  cryptic  collagen  epitope  to  regulate  UV-mediated  infiltration  of  inflammatory 
cells.  Given  the  differential  impact  of  UV-radiation  treated  collagen  on  distinct  subset  of  cells,  we  first 
assessed  the  effects  of  function  blocking  antibodies  on  mast  cells.  Our  data  indicate  that  a  single  injection 
(lOOug/mouse)  significantly  (P<0.05)  inhibited  UVB-induced  accumulation  of  mast  cells  suggesting  a 
function  role  for  the  HU177  epitope  in  this  process.  Given  the  possible  role  of  inflammatory  cells  in  helping  to 
create  a  tumor  permissive  microenvironment,  we  examined  the  effects  of  UVB  on  tumor  growth.  Our  data 
indicate  that  a  single  UVB  dose  of  O.lJ/cm  to  the  mouse  skin  given  24hrs  prior  to  melanoma  cell  inoculation 
resulted  in  the  formation  of  melanoma  tumors  that  were  nearly  4  fold  larger  than  those  that  formed  in  non- 
irradiated  mice.  Moreover,  pre-treating  the  mice  with  a  single  (lOOug/mouse)  dose  of  Mab  D93  reduced  the 
UV-associated  increase  in  tumor  growth  by  nearly  40%,  suggesting  a  possible  functional  role  the  HU177 
epitope  in  UV-enhanced  tumor  growth.  Taken  together,  we  have  made  substantial  progress  in  the  overall  goals 
of  our  proposal  as  indicated  by  the  initiation  and  progress  with  specific  aim  1,  tasks  1-3,  specific  aim  2  tasks 
1-3  and  specific  aim  3  tasks  1  and  2.  In  conclusion,  our  current  findings  suggest  that  not  only  can  UV- 
irradiation  of  specific  ECM  proteins  alter  the  behavior  of  both  stromal  and  tumor  cells  on  specific  ECM 
substrates  in  vitro,  but  that  UV-radiation  associated  accumulation  of  mast  cells  in  the  skin  and  UVB-enhanced 
melanoma  tumor  growth  may  depend  in  part  on  the  functional  exposure  of  the  HU  177  collagen  epitope  in 
vivo. 
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